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[571 | ABSTRACT

A method for making a low pressure cartridge for liquid
filtration, particularly of minerals from drinking water,
comprises locating a pair of substantially identical end
cap members telescopically on opposing ends of a tubu-
lar member. The end cap members are coupled to the
tubular member mechanically by interference between
four circumferential rings raised from an inner surface
of each of the end caps and like numbers of circumfer-
ential grooves on a facing surface of the tubular mem-
ber. O-rings between the telescoped members provide
further fluid sealing and increased mechanical coupling,
if desired. Different axial spacing between different
adjoining pairs of rings assure axial alignment of the end
caps with the tubular member during assembly.

21 Claims, 2 Drawing Sheets
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1

LOW PRESSURE LIQUID FILTER CARTRIDGE
- AND METHOD OF MAKING

FIELD OF THE INVENTION

The mvention relates to filtration and, in particular,
to low pressure liquid filtration, especially drinking
water. |

BACKGROUND OF THE INVENTION

A variety of manufacturers currently offer filtering
devices for filtering drinking water which include re-
placeable filter cartridges. Typically, activated charcoal
1s the major filtering agent. In some devices the filter
may be directly hooked to a faucet or along a line feed-
ing a faucet. In others water is gravity fed from a stor-
age container or other reservoir through the filter car-
tridge at a relatively low pressure.

A number of manufacturing techniques have been
used previously to assemble such filter cartridges. Com-
ponents of the cartridge may be screwed together, soni-
cally welded and/or solvent bonded. Each approach
has its disadvantages.

Screw-together components are relatively expensive
to manufacture as threads must be provided. Even
where plastic components are used, complicated molds
or complicated fabricating techniques must be em-
ployed to form the threads and/or remove a molded
threaded component from the moid.

Sonically welded components require additional
sonic bonding equipment to perform the sonic bonding
step. Moreover, the sonic bond must be tested or multi-
ple sonic bonds provided to assure sealing.

Solvent bonding of components is perhaps the least
expensive. However, it 1s also the least desirable since
the solvents can enter the filtration agent and contami-
nate the cartridge. Solvent bonding 1s particularly unde-
sirable for cartridges which are being used to filter
drinking water. .

SUMMARY OF THE INVENTION

The present invention is directed to methods of mak-
ing low pressure filter cartridges, particularly for the
filtration of drinking water, and the cartridges made
thereby, which. are relatively inexpensive in cost in
comparison with previously employed f{abricating
methods and further provide the advantage of eliminat-
ing solvents and other undesired construction materials

which might contaminate the contents of the cartridges.

In one aspect, the invention is a method of making a
low pressure cartridge for liquid filtration. The method
comprises the step of locating at a first open end of a
tubular member, a first end cap member including a
cylindrical side wall sized to fit telescopically with a
first end portion of the tubular member. The first end
cap member further includes an end wall transverse to
the cylindrical side wall for covering the first open end.
The cylindrical side wall and the first end portion of the
tubular member together include at least two circumf{er-
ential raised rings and at least an equal number of cir-
cumferential grooves. The grooves are sized and spaced
axially from one another to simultaneously receive all of
the raised rings. The method further comprises the step
of pressing the first end cap member and the tubular
member together until each of the raised rings is seated
in a separate circumferential groove. Interference be-
tween the circumferential grooves and the raised rings
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seated therein constitute the only means coupling the
first end cap member and the tubular member together.

In another aspect, the invention includes the fiiter
cartridge produced by the aforesaid method.

BRIEF DESCRIPTION OF THE DRAWINGS

LT

The foregoing summary as well as the following
detailed description of the preferred embodiments of
the invention will be better understood when read in
con junction with the appended drawings. For the pur-
pose of illustrating the invention, there is shown in the
drawings embodiments which are presently preferred.
It should be understood, however, that the invention 1s

not limited to the precise arrangements and instrumen-

talities shown. In the drawings:

FIG. 115 a partially cut away front elevation view of
a filter cartridge according to the present invention;

FIG. 2 is a front section elevation of a first end cap
member of the filter cartridge of FIG. 1;

FIG. 3 is a plan view of the first end cap member
from the top of FIG. 2;

F1G: 4 depicts an expanded view of area A 1n FIG. 1;
and

FIG. § depicts an expanded view of an alternate
raised ring/groove configuration.

DETAILED DESCRIPTION OF PREFERRED
EMBODIMENTS

Like numerals are employed in the drawings for the
indication of like elements throughout.

There 1s shown in FIG. 1 a preferred embodiment
filter cartridge 10 for the low pressure filtration of flu-
ids, particularly drinking water.

The filter cartridge 10 includes a first end cap mem-
ber 12, which is received on a first end portion 14 at a
first open end 15 of a tubular member 16, a second,
substantially identical end cap member 18 which is
received on a second end portion 20 at a second open
end 19 of the tubular member 16. Filtering means, pref-
erably a loose activated charcoal filtering agent 22, 1s
held within the tubular member 16 by first porous re-

taining means int he form of a first, generally annular
retainer 24 and a first porous flexible membrane 26

located at the first open end 18. The filtering agent 22 is
retained 1n the second open end 19 by a second porous
retaining means in the form of a second, generally annu-
lar retainer 28 and second porous flexible membrane 30.

The first end cap member 12 includes a cylindrical
side wall 32 which is sized to fit telescopically with the
first end portion 14 of the tubular member 16, prefera-
bly over the outside of the tubular member 16. The first
end cap member 12 further includes an end wall 34

transverse to the cylindrical side wall 32 which closed

the first open end 15 of the tubular member 16. The
cylindrical side wall 32 of the first end cap member 12
and the first end portion 14 of the tubular member 16
together include at least two, more desirably at least

three, and preferably at least four circumferential raised

rings 42, one of which can be seen in detail in FIG. 4,
and at least an equal number of circumferential grooves
44, one of which can also be seen in detail in FIG. 4.
The grooves 44 are sized and spaced axially from one
another (1.e. positioned with respect to a central axis 40
of the cartridge 10 and the first end cap and tubular
members 12 and 16) to simultaneously receive all of the
raised rings 42 which are provided. Interference be-
tween the circumferential grooves 44 and the raised
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rings 42 seated therein couple the first end cap member
12 and the tubular member 14 together.

If desired, gasketing, for exampie in the form of a
flexible O-ring 38, may be further provided between the
first end cap member 12 and the tubular member 16, in
particular between the first end portion 14 and cylindri-
cal side wall 32 as a further security to seal the cartridge
10 against hquid leakage between the first end cap mem-
ber 12 and the first end portion 14 of the tubular mem-
ber 16 and to permit the filter cartridge 10 to remain
sealed at higher internal pressures, for example greater
than about 10 psi. Preferably, the O-ring 38 is seated in
1its own circumferential groove 36. Preferably the O-
ring groove 36 has a deepened semicircular configura-
tion in which the radial depth of the groove 36 is more
than one-half its diameter in an axial direction for retain-
ing the O-ring 38 while the first end cap member 12 is
slipped over the first end portion 14. Where an O-ring
38 i1s provided, it, or at least friction between it and the
first end cap member 12, may contribute tot he coupling
provided by the interference between the mated cir-
cumferential grooves 44 and raised rings 42 to consti-
tute with the grooves and the raised rings seated therein
the only means coupling the first end cap member 12
and the tubular member 16 together. Where the O-ring
38 or like gasketing is omitted, interference between the
circumferential grooves 44 and raised rings 42 seated
therein constitute the only means coupling the first end
cap member 12 and tubular member 16 together or
sealing the space therebetween.

In the preferred embodiment, each of the raised rings
42 1s formed on the inner circumferential surface of the
cylindrical side wall 32 of the first end member 12. Each
of the circumferential grooves 44 is formed in an outer
circumferential surface of the first end portion 14 of the
tubular member 16. While forming all of the raised rings
42 on one member and all of the circumferential
grooves 44 on another member is preferred for simplic-
1ty of fabrication, there is no requirement that all of the
grooves or all of the raised rings 42 be located on one or
the other of the two members 12 and 16.

Preferably, where three or more raised rings 42 are
provided, the axial spacing between adjoining pairs of
the seated raised rings 42 is different for different ad-
joming pairs as is shown in Fig. 1. Axial spacing be-
tween adjoining pairs of circumferential grooves 44 also
differ in an identical manner so that there is only one
axial position of the first end cap member 12 with re-
spect to the first end portion 14 in which each of the
raised rings 42 is aligned with and seated in a circumfer-
ential groove 44.

This provides two benefits. First, until axial align-
ment 1s reached, no more than one ring 42 will be seated
at a time in a groove 44 when the first end cap member
12 1s being pressed onto the first end portion 14 of the
tebular member 16. This permits relatively easy move-
ment of the first end cap member 14 onto the tubular
member 16. Second, when the members 12 and 16 are
finally axially aligned, all rings 42 will seat in grooves 44
making further axial movement of the members 12 and
16 with respect to one another considerably more diffi-
cult, thereby indicating that assembly has been com-
pleted. ‘

Referring again to FIG. 4, the radial cross-section of
a raised ring 42 and circumferential groove 44 can be
seen. Each of the grooves 44 and each of the raised
rings 42 preferably is generally triangular in radial
cross-section. Each of the grooves 44 includes a pair of
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generally planar, beveled walls 44g and 445. Preferably,
each of the raised rings 42 also includes a pair of gener-
ally planar, beveled walls 42¢ and 426 symmetric to
walls 44¢ and 445, respectively. Preferably, each of the
beveled walls 424, 42b, 444a, 445, forms a lesser included
angle (1.e. an angle less than ninety degrees) 8 of about
seventy degrees or less with respect to a radial axis 45 of
the member 12 or 16, respectively, supporting the bev-
eled walls 42a, 425, 44a or 440, respectively. In FIG. 4,
each beveled wall 424, 42b, 44a and 445 forms the same
lesser mcluded angle of about seventy degrees with
radial axis 45. O-ring 38 and its receiving groove 36 on
the outer surface of the first end portion 14 are also
indicated.

Referring back to FIG. 1, in addition to the provision
of the circumferential grooves 42, the outer circumfer-
ential surface of the first end portion 14 of the tubular

- member 16 i1s preferably inwardly tapered slightly, for
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example, about one-half degree, for ease of fabrication
of that member 12 and subsequent assembly. The inner
circumferential surface of the first end portion 14 is also
preferably tapered radially outwardly slightly, for ex-
ample, about one-quarter degree, also for ease of manu-
facture and for compressing a portion of the first porous
flexible membrane 26 between that surface and the first
retainer 24, in particular, an outer cylindrical surface of
an axially extending annular portion 46 of the first re-
taimner 24. A radially extending annular portion 48 of
that retatner 24 is received in a space formed between
the annular end surface of the tubular member 16,
which 1s exposed at the first open end 15, and a plurality
of lands provided by the axial ends of a plurality of ribs
50 provided in the first end cap member 12. The ribs 50,
best seen in FIGS. 2 and 3, project radially inwardly
from the remainder of the cylindrical side wall 32 not
overlapping the first end portion 14 and extend in an
axial direction from the inner side of the end wall 34.

The grooves 44 are located so that when the raised

rings 42 are seated therein, the first porous flexible
membrane and annular portion 48 of the first retainer 24
ar clamped between the ribs 50 and end of the tubular
member 16. The clamping of the first retainer 24 and
first porous flexible membrane 26 between the ribs 5 and
the annular end surface of the tubular member 16 fur-
ther assists sealing of the inner circumferential surface
of the tubular member 16 to prevent blow by of liquid
along that surface, by-passing the loose filtering agent
22.
- As is best seen in FIGS. 2 and 3, the first end cap
member 12 is further provided with orifice means in the
form of a bore 52 extending radially through the cylin-
drical side wall 32 of the first end member between a
patr of the adjoining ribs 50. The bore 52 is provided for
passing liquid through the filter cartridge 10. The first
end cap member 12 is further preferably provided with
an annular skirt 54 extending axially from the end wall
34. The remote end surface of the skirt 54 is planar and
perpendicular to the central axis 40 of the filter 10 (see
FIG. 1) and parallel to the radial axis 45 (see FIG. 4),
providing a base for standing the filter cartridge 10
upright.

Referring back to FIG. 1, preferably, the second end
portion 20 of the tubular member 16 is configured sym-
metrically to the first end portion 14, including a second
O-ring groove symmetrically positioned with respect to
the circumferential O-ring groove 36 and an identical
number of raised ring receiving circumferential grooves
symmetrically positioned to the circumferential
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grooves 44. The second end cap member 18 is prefera-
bly identical to the first end cap member 12 except that
the annular skirt 54 of the first end cap member 12 may
be omitted for cost savings.

A “hghter” construction is used for the second re-
tainer 28 and second porous flexible membrane 30.
These are located at the *“upper” end of the filter car-
tridge 10, which is preferably the inlet end. As a result,
the second porous flexible membrane 30 is partially
supported by the underlying filtering agent 22. As can
be seen in FIG. 1, the second retainer 28 includes a
planar ring portion 58 and, preferably, one or more
transverse ribs 60 which provide strength and assist in
trapping the second porous flexible member 30 against
the filtering agent 22. Again, the ring portion 58 of the
second retainer 28 and an outer circumferential portion
of the second porous flexible member 30 are received in
an annular groove provided between the exposed, trans-
verse, axial end surface of the tubular member 16 at the
second open end 19 and the lands provided by the axial
ends of ribs of the second end cap member 18 and are
compressed between those portions of those two mem-
bers 16 and 18 when the second end cap member 18 and
the tubular member 16 are axialiy aligned with the raised
rings of the second end cap member 18 all seated in
circumferential grooves along the second end portion
20 of the tubular member 16.

Preferably, each of the end cap members 12 and 18,
the tubular member 16 and each of the retainers 24 and
28 1s one piece and molded from a plastic material hav-
Ing some expandability, for exampie polypropylene,
polyethylene, ABS or, preferably, PVC. For example, 1t
has been found possible to injection mold the end cap
members with outer diameters of about three-and-three-
quarter inches and nominal wall thicknesses of about
one-eighth inch with integrally molded rings raised an
additional 0.03 inches and still obtain removal of the end
cap members from the tip of a molding mandrel, with-
out resorting to collapsible mandrel construction. Simi-
lar considerations and advantages apply to the molding
of the tubular member 16. The use of such plastic fur-
ther permits relatively easy dry sliding movement of the
end cap members 12 and 18 onto the ends of the tubular
member 16 thereby permitting assembly without lubri-
cants or other possibly contaminating materials.

The preferred method of making the preferred filter
cartridge 10 depicted in the FIGS. 1 through 4, after
molding or other fabrication of each of the members 12,
16, and 18 and the retainers 24 and 28 is straightforward.
The first porous flexible membrane 26 is placed on the
“upper” end of the axially extending annular portion 46
of the first retainer 24 and the first open end 15 of the
tubular member 16 pressed over the flexible membrane
26 and annular portion 46 to stretch the flexible mem-
brane 26 over portion 46 and compress the circumferen-
tial edge portion of the flexible membrane 26 between
the annuiar portions 46 and 48 of the first retainer 24
and surfaces of the tubular member 16 and lands of the
ribs 50. The first O-ring 38 is positioned in its groove 36
along the first end portion 14. The first end cap member
12 is located at the first open end 15 of the tubular
member 16 and the members 12 and 16 pressed together
until each of the raised rings 42 is seated in a separate
groove 4. The loose filtering agent 22 is thereafter
added to the tubular member 16 to an appropriate
height and covered with the second porous flexible
membrane 30 and second retainer 28. The second O-ring
IS positioned in its groove along the second end portion
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20 of the tubular member 16. The second end cap mem-
ber 18 1s located at the second open end 19 of the tubu-
lar member 16 and the members 18 and 16 pressed to-
gether until each of the raised rings of the second end
cap member 18 is also seated in a separate groove along
the second end portion 20 of the tubular member 16,
thereby completing construction of the filter cartridge
10 shown 1n FIG. 1.

- To use filter cartridge 10, hoses or other comparable
means (not depicted) may be connected with the bore
52 of the first end cap member 12 and a like bore of the
second end cap member 18 for feeding liquid into the
cartridge 10, as indicated by arrow 62 in FIG. 1, and
carrying filtered liquid away from the filter cartridge 10
as indicated by arrow 64 in that figure. More preferably,
the filter cartridge 10 may be located in a larger housing
(not depicted), which 1s provided with suitable gasket-
ing for fluidly isolating the bores 52 through the end cap
members 12 and 16 from one another. Liquid to be
filtered, such as water, and filtered liquid, such as water
for drinking, are fed to and from the filter cartridge 10,
respectively, by appropriate plumbing associated with
the larger housing (none depicted).

The raised rings 42 and mating circumferential
grooves 44 provide adequate mechanical coupling and
liquid sealing to dispense with the O-rings 38, if desired,
for sufficiently low pressure filtering applications, for
example, gravity fed liquid filtration from a reservoir in
which hydrostatic head pressure typically does not
exceed about fifteen psi. The depicted preferred em-
bodiment 10 with O-rings 38 has been successfully tested
to internal fluid pressures of about one hundred psi or
more without leakage or cartridge failure. While this
pressure is relatively high compared to the fifteen psi
pressure considered for gravity feed, it is still considera-
bly less than the three hundred and fifty psi pressure at
which high-pressure water filter cartridges are typically
required to be tested. ,

F1G. S depicts diagrammatically an alternate configu-
ration of a circumferential groove 144 and a mating
raised ring 142. In this configuration the side walls 1444
and 1445b of the groove form different lesser included
angles 81 and 02, respectively, with a radial axis 40 of
the tubular member 116 in which the groove 144 is
provided. Surface 144a which forms the smaller in-
cluded angle 01 and thus provides the steeper slope, is
the beveled surface first contacted by the ring(s) 142 of
the end cap member 112 when the member 112 is
pressed onto a tubular member 116. The unequal angles
01 and 02 permit the ring(s) 142 to be more easily
pushed along surface 1440, in the proper direction for
assembly, than to be pulled back up the surface 144q,
thereby providing a latching effect between the ring(s)

142 and groove(s) 144. While walls 144ag and 144) are

oriented to the same lesser included angles 81 and 82,
respectively, as are walls 142a and 142b, this is not a
requirement. For example, the lesser included angles
formed by walls 142 and 142b can be less than the
lesser included angles formed by walls 144 and 1445,
respectively. | ,

From the foregoing description, it can be seen that
the present invention provides an easily fabricated filter
cartridge having mechanically self-sealing housing

members. While some wvariations and modifications

thereto have been suggested, it will be recognized by
those skilled in the art that other changes could be made

to the above-described embodiments of the invention

without departing from the broad inventive concepts
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thereof. It is understood, therefore, that this invention is
not limited to the particular embodiments disclosed, but
1s intended to cover any modifications which are within
the scope and spirit of the invention, as defined by the
appended claims.
We claim:
1. A method of making a low pressure cartridge for
liguid filtration comprising the steps of:
locating at a first open end of a tubular member, a first
end cap member including a cylindrical side wall
sized to fit telescopically with a first end portion of
the tubular member, the first end cap member fur-
ther including an end wall transverse to the cylin-
drical side wall for covering the first open end, the
cylindrical side wall and the first end portion of the
tubular member together including at least two
circumferential raised rings and at least an equal
number of circumferential grooves, the grooves
being sized and spaced axially from one another to
simultaneously receive all of the raised rings; and

pressing the first end cap member and the tubular
member together until each of the raised rings is
seated 1n a separate circumferential groove, inter-
ference between the circumferential grooves and
the raised rings seated therein constituting the only
means coupling the first end cap member and the
tubular member together.

2. The method of claim 1 wherein the pressing step
further comprises compressing gasketing between the
first end cap member and the tubular member, the gas-
keting and interference between the circumferential
grooves and the raised rings seated therein constituting
the only means coupling the first end cap member and
the tubular member together.

3. The method of claim 1 further comprising inte-
grally molding the tubular member and integrally mold-
ing the first end cap with the raised rings and the cir-
cumferential grooves.

4. A method of making a low pressure cartridge for
liquid filtration comprising the steps of:

locating at a first open end of a tubular member, a first

end cap member including a cylindrical side wall

sized to fit telescopically with a first end portion of

the tubular member, the first end cap member fur-
ther including an end wall transverse to the cylin-
drical side wall for covering the first open end, the
cylindrical side wall and the first end portion of the
tubular member together including at least two
circumferential raised rings and at least an equal
number of circumferential grooves, the grooves
being sized and spaced axially from one another to
simultaneously received all of the raised rings; and

pressing the first end cap member and the tubular
member together until each of the raised rings is
seated in a separate circumferential groove, inter-
ference between the circumferential grooves and
the raised rings seated therein constituting the only
means coupling the first end cap member and the
tubular member together;

locating at a second open end of said tubular member
opposite the first open end, a second end cap mem-
ber including a cylindrical side wall sized to fit
telescopically with a second end portion of the
tubular member at the second open end, the second
end cap member further including an end wall
transverse to the cylindrical side wall for covering
the second open end, the cylindrical side wall of
the second end cap member and the second end
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portion of the tubular member together including
at least two circumferential raised rings and at least
an equal number of circumferential grooves, the
grooves being sized and space axially from one
another to simultaneously received all of the raised
rings; and

pressing the second end cap member and the tubular

member together until each of the raised rings is
seated in a separate groove, interference between
the circumferential grooves and the raised rings
seated therein constituting the sole means coupling
the second end cap member and the tubular mem-
ber together.

5. The method of claim 4 wherein the pressing step
further comprises compressing gasketing between the
cylindrical side wall of each of the first and second end
cap members and the first and second end portions, the
gasketing and interference between the circumferential
grooves and the raised rings seated therein constituting
the sole means securing the first and second end cap
members and the tubular member together.

6. A method of making a low pressure cartridge for
liquid filtration comprising the steps of:

locating at a first open end of a tubular member, a first

end cap member including a cylindrical side wall
sized to fit telescopically with a first end portion of
the tubular member, the first end cap member fur-
ther including an end wall transverse to the cylin-
drical stde wall for covering the first open end, the
cylindrical side wall including at least three cir-
cumferential raised rings on an inner surface
thereof and the tubular member including at least
three circumferential grooves on an outer surface
thereof, the grooves being sized and spaced axially
from one another to simultaneously receive all of
the raised rings,

each of said circumferential grooves and said raised

rings being generally triangular in radial cross-sec-
tion with a pair of generally planar, beveled walls,
said beveled walls forming a lesser included angle
of about 70° or less with respect to a radial axis of
the respective member supporting the beveled
wall;

operatively disposing at least one O-ring circumfer-

entially around said first end portion of the tubular
member;
pressing the first end cap member and the tubular
member together until each of the raised rings is
seated in separate circumferential groove and said
at least one O-ring is compressed between the first
end cap member and the tubular member to pre-
vent liquid leakage therebetween, with the O-ring,
the circumferential grooves, and the raised rings
seated therein constituting the only means coupling
the first end cap and tubular members together:

providing orifice means through the first end cap
member for passing liquid through the filter car-
tridge;

providing a loose filtering agent disposed in the tubu-

lar member; and

providing first porous retaining means at least par-

tially held between the first end cap member and
the tubular member at the first open end for passing
a liquid between the orifice means and the loose
filtering agent while retaining the loose filtering
agent in the tubular member.

1. A low pressure cartridge for liquid filtration, com-
prising:
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a tubular member having a first open end;

a first cap member comprising a cylmdncal side wall
configured to fit telescopically with said first open
end of said tubular member, and an end wall con-
tiguous with and generally transverse to said cylin- 5
drical side wall for covering said ﬁrst open end of
said tubular member, |

said tubular member and said cylindrical side wall of
sald end cap member together having at least two
circumferential raised rings and at least two cir-
cumferential grooves formed therein, wherein

said grooves are sized and spaced axially from one
another to simultaneously receive all of said rings
so that said end cap member is securable to said
tubular member by pressing said end cap member
onto said first open end of said tubular member,
thereby seating said circumferential rings in said
grooves, whereby the interference between said
circumferential grooves and said raised rings
seated therein comprises the only means of attach-
ment between said first end cap member and said
tubular member.

8. A filter cartridge as set forth in claim 7, wherein
there are at least three of said raised rings and at least
three of said circumferential grooves for said first end
cap member and said first open end of said tubular mem-
ber,

wherein the axlal spacing between the first and sec-
ond mating pairs of said rings and grooves is differ-
ent from the axial spacing between the second and
third mating paris of said rings and grooves.

9. A filter cartridge as set forth in claim 8, wherein all
of said raised rings are located on either said first end
cap member or said tubular member.

10. A filter cartridge as set forth in claim 9, wherein
all of said raised rings are located on an inner circumfer-
ential surface of said cylindrical side wall of said first
end cap member.

11. A filer cartridge as set forth in claim 10, wherein
each of said circumferential grooves and said raised
rings 1s generally triangular in radial cross-section with
a pair of generally planar, bevelled walls, and wherein
said generally planar, bevelled walls of each of said
circumferential grooves and said raised rings form a
lesser included angle of about 70° or less with respect to
a radial axis of the filter cartridge.

12. A filter cartridge as set forth in claim 11, further
comprising O-rings compressed between said cylindri-
cal side wall of said first end cap member and said tubu-
lar member to prevent hquld leakage therebetween,
wherein

said O-ring, and said circumferential grooves and said
raised rings seated therein, constitute the only
means of coupling said first end cap member and
said tubular member together.

13. A low pressure cartridge for liquid filtration as set
forth in claim 7, further comprising sealing means dis-
posed between said cylindrical side wall of said first end
cap member and said tubular member.

14. A filter cartridge as set forth in claim 13, wherein
said sealing means comprise an O-ring, and said O-ring 60
provides additional interference to secure said end cap
member to said tubular member.

15. A filter cartridge as set forth in claim 7, wherein
each of said circumferential grooves and said raised
rings has a generally triangular cross-sectional configu- 65
ration, with a pair of bevelled walls.

16. A filter cartridge as set forth in claim 15, wherein
each of said bevelled walls of each of said circumferen-
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tial grooves and raised rings is generally planar and
forms a lesser included angle of about 70° or less with a
radial axis of the filter cartridge.
17. A filter cartridge as set forth in claim 7, further
comprising:
orifice means disposed through said first end cap
member for passing liquid through the filter car-
tridge;
a loose filtering agent disposed in said tubular mem-
ber; and
first porous retaining means at least partially held
between said first end cap member and said tubular
member at said first open end of said tubular mem-
ber for passing a liquid between said orifice means
and said loose filtering agent while retaining said
loose filtering agent within said tubular member.
18. A filter cartridge as set forth in claim 17, wherein
said first porous retaining means comprises:
a generally annular first retainer; and
a porous, flexible membrane clamped between said
first retainer and one of said first end cap member
and satd tubular member.
19. A low pressure cartridge for liquid filtration as set
forth in claim 7, further comprising:
a second open end on said tubular member, longitudi-
nally opposed from said first open end; and
a second end cap member having a cylindrical side
wall sized to fit telescopically with said second
open end of said tubular member, said second end
cap member including an end wall contiguous with
and generally transverse to said cylindrical side
wall for covering said second open end of said
tubular member,
said cylindrical side wall of said second end cap mem-
ber and said second end portion of said tubular
member together having at least two circumferen-
tial raised rings and at least two circumferential
grooves formed therein, wherein
said grooves are sized and spaced axially from one
another to simultaneously receive all of said raised
rings to that said second end cap member is secur-
able to said tubular member by pressing said second
end cap member onto said second open end of said
tubular member, thereby eating said circumferen-
tial rings in said grooves, whereby the interference
between said grooves and said raised rings com-
prises the only means of attachment between said
second end cap member and said tubular member.
20. A filter cartridge as set forth in claim 19, further

comprising sealing means disposed between said cylin-

drical side wall of said second end cap member and said
‘second open end of said tubular member.
21. A filter cartridge as set forth in claim 19, further
comprising:
first orifice means through said first end cap member
for introducing liquid into the filter cartridge:;
second orifice means through said second end cap
member for passing liquid out of said filter car-
tridge; |
first porous retaining means at least partially held
between said first end cap member and said tubular
member at said first open end;
second porous retaining means at least partially held
between said second end cap member and said
tubular member at said second open end; and
a loose filtering agent disposed within said tubular
member, retained by and between said first and

second porous retaining means.
* X % % %
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